The aim of this work was the quantitative estimation of some volatile N-nitrosamines in tobacco smoke of local cigarette different brands using an efficient, rapid and sensitive GC-MS method which was validated before. The chromatographic system suitability was tested by using the following characteristics: The RSD, % of peak areas (five replicate injections) was <2.0 %; The RSD, % of retention times <1.0 %; the number of theoretical plates was > 2000; the tailing factor < 2.0; the resolution between the two nearest peaks >2.0 for all N-nitrosamines. The calibration curve was linear over a concentration range 0.5 -100 µg mL -1 with a correlation coefficient >0.99. The LOD and LOQ were 0.25 µg mL -1 and 0.5 µg mL -1 , respectively.
Introduction
Development of modern industry causes increasingly serious pollution in the environment where human lives in, constituting a catastrophic health risk including cancer. Anti-cancer is thus one of the challenges faced scientists in 21st century in the realm of life science, and removal of carcinogen from environment is an important step. Nitrosamines are probably the most widespread carcinogens, existing in workplace, processed meats, cigarette smoke, cosmetics, pesticides, rubber products, beer and even are produced in the stomach by reaction of secondary amines and nitrite (NO 2 -) both taken from foods [1] . Nitrites are added to food as preservatives in meat and meat products preventing the Botulinus poisoning. Antioxidant food additives like vitamin C can prevent the formation of nitrosamines from nitrites [2] . Another source of nitrosamines is described by the reaction of nitrogen oxides with alkaloids as it is reported from the drying process of the germinated malt in beer production [3] . As nitrosamine levels in malt and beer have been significantly reduced in the brewing process, high analytical performance is required. In addition to the regular control of other food products for daily consumption, malt in beer is also monitored for low levels of nitrosamines. The first analytical studies on N-nitrosamines in tobacco smoke originated from the laboratory of Georg Neurath. N-nitrosamines in tobacco smoke originate from transfer from the tobacco into the smoke, from thermal degradation of nitrosamino acids and from pyrosynthesis during smoking [4] . There is more than one hundred publications have described the presence of volatile, non-volatile and tobacco-specific N-nitrosamines and Nnitrosamino acids in tobacco, tobacco smoke and environmental tobacco smoke.
The "classical" nitrosamine analysis was performed for many years by gas chromatography using a thermal energy analyzer (TEA) as detector. This special TEA detector was used due to its selectivity for nitrosamines with to the specific chemiluminiscent reaction of ozone with the detector generated NO from nitrosamines. Today, with increased sensitivity requirements, the detection limits of the TEA, and also its complex operation, no longer comply with the required needs for low detection limits and sample throughput. Also, several analytical methods have been employed in the past for the quantitative determination including colorimetry, spectrophotometry, polarography, capillary electro-chromatography, micellar electro-kinetic capillary chromatography, high performance liquid chromatography [5] [6] [7] [8] [9] . Chromato-Mass spectrometric methods have increasingly replaced the abovementioned TEA [10] [11] [12] [13] [14] .
The EPA method 521 by Munch and Bassett from 2004 provided at that time a suitable GC-MS method based on chemical ionization (CI) using an ion trap mass spectrometer with internal ionization in contrast to ion trap mass spectrometers using a dedicated (external) ion source design. Current developments in GC-MS triple quadrupole technology deliver today very high sensitivity and selectivity also in the small molecule mass range and allow the detection of nitrosamines at very low concentration levels even in complex matrix samples. This is made possible by using a much simpler and standard approach with the regular electron impact ionization (EI) for a very straightforward method for low level nitrosamine analysis [15] .
The present work describes an efficient, sensitive and rapid method for routine detection and quantitation of volatile N-nitrosamines (nine volatile N-nitrosamines -Nnitrosodimethylamine -NDMA, N-nitrosomethylethylamine -NMEA, N-nitrosodiethylamine -NDEA, N-nitrosodipropylamine -NDPA, N-nitrosodibutylamine -NDBA, Nnitrosopiperidine -NPIP, N-nitrosopyrrolidine -NPYR, N-nitrosomorpholine -NMPA, Nnitrosodiphenylamine -NDPA) diluted in methanol which was used to determine the abovementioned compounds in tobacco smoke of local different brands. Special focus in the method development has been made to provide the required high sensitivity for the detection of the nitrosamine compounds for a fast, easy to implement routine method. This study achieved satisfactory results in terms of linearity and precision under simple chromatographic conditions.
Experimental

Chemical and Reagents
EPA 8270 N-nitrosamine mix standard contained nine analytes in methanol at 2000 µg/mL of each: N-nitrosodimethylamine-NDMA, N-nitrosomethylethylamine-NMEA, Nnitro-sodiethylamine -NDEA, N-nitrosodipropylamine -NDPA, N-nitrosodibutylamine -NDBA, N-nitrosopiperidine -NPIP, N-nitrosopyrrolidine -NPYR, N-nitrosomorpholine -NMPA, N-nitrosodiphenylamine -NDPA and individual standards to each of the Nnitrosamines with a concentration of 5000 µg/mL in methanol were purchased from Supelco (USA). For sample preparation solvent -methanol (GC grade) was purchased from SigmaAldrich (USA).
Instrumentation and methodology
The chromatography analysis was performed using Agilent 6890 -Inert MSD 5975 Quadrupole GC-MS System (Agilent Technologies, USA). System control, data collection and data processing were accomplished using HP Chemstation software. The chromatographic condition was optimized using the Carbowax/20M (30 m x 0.25 mm x 0.25µm) column; Gas carrier -He; Injection mode -splitless; Injection temperature -220 0.25 mL of 2000 µg mL -1 N-nitrosamines mix standard was accurately measured and transferred to a 10 mL volumetric flask and was diluted up to the mark with the diluent (Methanol). Then it was mixed well and filtered through 0.45 µm syringe filter (50 µg mL -1 ).
Sample solution:
This method can be used to determine volatile N-nitrosamines diluted in methanol as a sample solution, which can be obtained from tobacco smoke or solid/liquid material using extraction. The concentration of sample solution should not be less than 1.0 µg mL -1 for each N-nitrosamine. This method was used to determine volatile N-nitrosamines in tobacco smoke. sample solutions were prepared using specially constructed laboratory instrument which was composed of the following parts: 1.Specially made quartz tube for burning tobacco; 2. Specially made glassware with bubbler on glacial bath for N-nitrosamine absorption (as a solvent was used methanol); 3.Vacuum pump. The smoke from tobacco burning in quartz tube was conducted trough solvent which absorbs all N-nitrosamine compounds without any loses. The obtained sample solution was filtered through 0.45 µm syringe filter.
The standard and sample solutions were prepared in dark glassware, protected from light and were analysed immediately. The standard solutions were stored in refrigerator during analysis.
Quantitative estimation of N-nitrosamine (External standard method)
The concentration (C u ), µg mL -1 of N-nitrosamine in sample solution was calculated by the formula:
Where, Au -Peak area of N-nitrosamine obtained from the chromatogram of sample solution; As -Peak area of N-nitrosamine obtained from the chromatogram of standard solution; C s -The concentration of N-nitrosamine in standard, µg mL -1 ; V -The volume of standard, mL; P -Purity of standard, % .
The quantity (X), µg/cigarette of each N-nitrosamine in tobacco smoke was calculated by the formula:
Where, C u -the determined concentration, µg mL -1 of N-nitrosamine in sample solution; W c -The average mass of weighed cigarette (calculated on 20 units); V -The volume of solvent (methanol); W T -The mass of weighed tobacco.
Method validation
Linearity and range
The linearity of an analytical method is its ability to elicit results that are directly or by a well-defined mathematical transformation, proportional to the concentration of the analyte in a sample within a given range.
From stock solution (100 µg mL -1 ) standard working solutions of N-nitrosamines were prepared at seven different concentration levels ranging from 0.5 -100 µg mL -1 (0.5, 1, 10, 12.5, 25, 50, 100 µg mL -1 ) for all compounds. Three replicate injections (n=3) were performed at each concentration of N-nitrosamine. The linearity was checked by the correlation coefficient (acceptance criteria: <0.99), the square of correlation coefficient (acceptance criteria: <0.98), the Y-intercept, % (acceptance criteria: <5.0 %), the RSD, % (relative standard deviation) of retention times (acceptance criteria: <1.0 %).
Limit of Quantitation (LOQ) and Limit of Detection (LOD)
The LOD is the smallest quantity of the targeted substance that can be detected but not accurately quantified in the sample. The LOQ of method is the lowest amount of the targeted substance, which can be quantitatively determined under the experimental conditions prescribed with included inside the acceptance limits over the concentration range investigated. The signal-to-noise ratio (s/N) of method was adopted for the determination of the lower limit of quantitation. The limit of quantitation is estimated to be ten times the s/N ratio; the limit of detection is estimated to be three times of s/N ratio (acceptance criteria). The quantitation limit was achieved by injecting a series of possible dilute solutions of all components and the precision was established at the quantitation level. The RSD, % of peak areas for LOQ should not be more than 10.0 % and the RSD, % of retention times for both lower limits should not be more than 1.0 %.
2.5.3.System suitability test
The system suitability parameters were measured to verify the chromatographic system performance. System suitability was checked by five replicate injections (n=5) of standard solution. Main parameters including the RSD, % of peak areas (acceptance criteria: <2.0 %), the RSD of retention times (acceptance criteria: <1.0 %), the resolution between all the nearest peaks (acceptance criteria: >2.0), the tailing factor (acceptance criteria: <2.0) and the number of theoretical plates (acceptance criteria: >2000) were measured.
Precision
The precision of an analytical method is the degree of agreement among the individual test results obtained, when the method is repeated with multiple samples from the same homogeneous sample mix. It was estimated by measuring repeatability and time-dependent intermediate precision on five replicate injections of standard solution and on three individual determination of N-nitrosamines in sample solution. The precision was checked by the RSD, % of determined concentrations (µg mL -1 ) and the RSD, % of retention times for three individual determinations of N-nitrosamines which should not be more than 10.0 % and 1.0 %, respectively, also by the percentage difference, % between two inter-day determinations of N-nitrosamines which should not be more than expanded uncertainty value (acceptance criteria).
Robustness
The robustness test examines the effect that operational parameters have on the analysis results. For determination of a method's robustness a number of method parameters, for example standard solution stability is varied within a realistic range and the quantitative influence of the variables is determined. If the influence of the parameter is within a previously specified tolerance, the parameter is said to be within the method's robustness range. In this study, only one factor -standard solution stability was evaluated during 4 days stored in dark glassware under refrigeration, protected from light. The stability of the solution was studied initially, after 1, 2, 4, 6, 24 hours and 2, 4 days against freshly prepared standard solution. The stability was checked by the percentage difference; % between peak areas of standard solutions stored in refrigerator and freshly prepared which should not be more than 3.0 % (acceptance criteria).
Results and Discussion
Validation parameters
Linearity and range
For all the compounds, the plotted linearity graphs were straight line over the range from 0.5 -100 µg mL -1 (1-7 level), the correlation coefficients were greater than 0.99; The Yintercepts, % were less than 5.0 %; The RSD, % of retention times of each N-nitrosamine in 3 replicate injections was less than 1.0 % (0.003 % -0.096 %); The linearity concentration and regression statistics are shown in Table 1 for 3 N-nitrosamines (NDMA, NMEA, NDEA). The linearity (calibration) graphs are presented in Figure 1, 2, 3 . 
Limit of quantitation (LOQ) and limit of detection (LOD)
The determined lower limit of quantitation and precision at LOQ values for all components are presented in Table 2 . The LOQ of the method was estimated to be equal to 0.5 µg mL -1 and 0.25 µg mL -1 could be considered as the LOD according to the acceptance criteria. Fig. 4, 5 shows the chromatograms of 50 µg mL -1 (100 %) and 0.25 µg mL -1 (LOD) standard solutions, respectively. 
System suitability test
The RSD, % of peak areas for all N-nitrosamine was below 2.0 %; The RSD, % of retention times -below 1.0 %; The resolution between the two nearest peaks was more than 2.0; The tailing factor was less than 2.0; The number of theoretical plates was more than 2000. These indicate that the chromatographic system is suitable for determination of all nine N-nitrosamine compounds. The system suitability test results are given in Table 3 , 4.
Precision
The precision results (Table 5) show that the calculated RSD, % of determined concentrations (three individual determinations) in sample solutions for each N-nitrosamine and the percentage difference, % between two inter-day determinations for each Nnitrosamine comply with the acceptance criteria. The calculated RSD, % of retention times was below 1.0 % (0.005 %-0.396 %) for each N-nitrosamine. 
Robustness
The stability of standard solution after 6, 24 hours and 4 days (under refrigeration), protected from light are shown in Table 6 . Standard solution of N-nitrosamines is stable for the period up to 6 hours under refrigeration stored in dark glassware, protected from light. 
Uncertainty estimation
In order to obtain an estimate of the uncertainty associated with a measurement result the following tasks were need to be performed: to specify the measurand; to identify the sources of uncertainty; to calculate the uncertainty components associated with each potential source of uncertainty identified; to calculate the standard uncertainty, applying the appropriate coverage factor, to give an expanded uncertainty. The following sources of uncertainty were identified: analytical balance, repeatability, equipment, measuring glassware, measuring pipette. I was estimated uncertainties of solution preparation and repeatability, separately. The results of estimation of uncertainty on example of N-nitrosodimethylamine (NDMA), Nnitrosomethylethylamine (NMEA) and N-nitrosodiethylamine (NDEA) are shown in Table 7 . 
Determination of N-nitrosamines content in cigarette
The determined quantities of N-nitrosamines in tobacco smoke of local different brands are shown in Table 8 . Table 8 . The calculated quantities of N-nitrosamines (N-nitrosodimethylamine (NDMA), Nnitrosomethylethylamine (NMEA) and N-nitrosodiethylamine (NDEA), ng/cigarette
